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ADDRESS. 



As the subject of Great-Circle Sailing has qf late occupied so large a share 
of public attention^ no a^hg^ is wade for this humble attempt to simpltfy 
and improve the application of an art so conducive to the advantage of those 
who may adopt it The plan of the work was formed btfore the writer had 
any knowledge of the existence of those ttseful Tables, calculated by Mr, 
Towson, and having obtained them, he saw no reason to withhold its publica- 
tion, but it rather encouraged him to proceed. He conceives that these two 
works will not be rivals but assistants, and he who possesses one should procure 
the other also. The accuracy, which, the (plication of the rules now given 
in this wofk mO, cfford, seems neeeaary to ensure confidence ; and should thin 
effort to promote a public ffCad, obtain a share of public approbation the labours 
qf the writer will obtain an ample reward. 



GREAT-CIRCLE SAILING. 



Introduction. 

1.— The followiiig pages have been penned with the design of laying 
before the Mercantile Public, the praetieability, utility, and simplicity 
of a, portion of tlie art of Navigation, which has hitherto been deemed 
as unimportant, and if not impracticable, at least difficult of execution. 
It is however hoped that the following pagea will assist in dispelling 
this delusion. The practice of Great-Circle Sailing is both important 
^m and easy. Tt is not more diHicolt either to comprehend or execute 
^H than several problems which are deemed indispuosablo in common 
^B Navigation. The extra labour it imposes on the mariner is trifling 
in comparison with the advantages it bestows. It is also some recom- 
mendation that this little kbour can be performed at home before the 
voyage commences. The requisite calculations, unless the voyage is 
a very complex one, may generally be performed in less than an hour; 
and they may even be done by prosy. Nor is this all, the calculations 
will serve for the return voyage, and for any number of voyages to 
and from the same ports. 

%. — The art of Great-Circle Sailing has of late received an impetus, 
&om the fact of an enterprising individual having, by adopting these 

»{xinciples, performed the voyage to Australia in the shortest time of 
any on record. The thanks of every man that is in any way interested 
in the maritime prosperity of our country, is due to Captain Godfrey 
for making the interesting experiment. It is not every man possessing 
the intelUgence to perceive the advantages that would accrue to the 
public, if the sailing on or near a Great Circle could be proved prac- 
ticable, that would have sufficient firmness to try the experiment at hia 
own risk. Captain Godfrey did this, and was successful ; but had he 
been otherwise, he must have been aware of the obloquy that would 
bave been attached to the attempt. Had he survived, be would have 
met with those who would have pointed at him with the finger of scorn, 
■with others, that would, as in the case of the unfortunate " Eichard 
^L Bart," have coudeinncd hi^ ]>ur|ioijp, thoiigli the wreck of this vessel 
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must be ascribed to an error either of the ship'*s reckoning, or of the 
position of the island on which she struck ; which of these two was the 
fact, must be determined by future observations. Captain Godfrey's 
genius and skill overcame the difficulties, great or small, that he had to 
encounter ; and his name, like that of Columbus, will be handed down 
to posterity, if not as the discoverer of new worlds, as one that has 
pointed out the shortest path between those already known. 

3.-^he practice of Great-Circle Sailing mmt become general. The 
"Go-a-head^' propensity of the age will demand its adoption. The 
calls of even Class Interests will give an impetus to the movement. 
The expences of the Ship-Owner will be reduced in proportion as 
the duration of a voyage is shortened. In the same ratio will the 
Merchant gain, by getting his wares earlier into the Market. The voy- 
ager will the sooner reach his port, and the Emigrant his future honle; 
whilst the Mariner will himself experience increased satisfaction from 
the consciousness that his skill contributes not only to his own comfort^ 
but to the well being of his fellow-men. 

4. — ^That the arc of a Great Circle is the shortest distance between 
any two places on the surface of the globe, has long been known to 
most well-instructed, practical seamen ; and that if a voyage could 
be conducted on the principles of Great-Circle Sailing, it would invaria- 
bly be shorter than one pursued on a common rhumb. Yet it is a fact 
that hitherto the art has beien but little practised, from the cir- 
cumstance of the course being continually changing. The idea that 
it was absolutely necessary to find this constant change, has pre- 
vented its adoption as a necessary part of a Nautical Education, 
The working of the necessary rules has been deemed both difficult and 
tedious, and as the wind would not at all times allow of a Sailing 
Vessel being kept on this course, the Masters of these ships have very 
rarely had sufficient resolution to conquer the supposed difficulties 
attendant on the art. These difficulties have, however, been greatly 
lessened, voyages have been made on the principle, and the public has 
become aware that great advantages would accrue if this branch of 
Navigation should be brought into general practice. The Admiralty 
have to their honour published a set of useful Tables, calculated by Mr. 
J. Towson, of Devonport, by the aid of which a person may ahnost by 
inspection, prosecute a voyage approximate to a Great Circle. Yet 
these Tables do not meet the wants of our Merchant Marine. The cal- 
culations are made to vertices, and vertex-distances, varying by a whole 



degree, consequently the latitudes corresponding to given longitudes, or 
given vertex-distances, may, unless corrected by interpolation, for whicb 
there are no directions, be given erroneously as much as 30 miles. 
From the same cause a considerable error will be found in the distance, 
but this is of less importance than errors in the latitudes. Nevertheless 
these Tables are of sterling value. They have paved the way for the 
adoption of more accurate modes of calculation, and may still be used 
as a check against material errors. 

5. — ^To offer a remedy for these defects, and still make Great-Circle 
Sailing practical and easy, is the object of this little work. The rules 
given are simple, easy to be understood, and easy to be worked. They 
are based on the principles of pure Spherics, the results may therefore 
be relied on. No other Tables are required than those of the common 
Logarithmic Arcs, which are published in every Epitome of NavigaT 
tion. As practicability is aimed at rather than Mathematical niceties, no 
demonstrations of the rules are given, because they would be unintelligi- 
ble to the merely practical man ; the mathematician is aware of 
their truth, to him therefore a demonstration is unnecessary. The 
logarithms in the Examples are only taken out to four places of 
Decimals, which wiU generally be sufficient to give the arcs correct 
to the nearest minute, and the distance to the nearest mile ; this will 
be quite near enough for practical purposes, but if the arcs should be 
required to seconds, a greater number of decimals may be employed. 
The courses and distances between point and point, may be found by 
the method used in common Navigation. 
6. — ^Definitions. 

I. — ^A Great Circle is the largest that can be drawn on the 
surface of a sphere. It divides that sphere into two Aemi- 
spheres, and if it were cut through in the direction of a 
Great Circle, the plane would pass through the Centre. 
11. — ^A Great Circle can be drawn through any two points placed 
at random on the surface of a sphere ; the arc that unites 
them is the shortest line that can be drawn between them. 
Hence the arc of a Great Circle is the only direct course 
between two places on the globe. 
m. — ^All Great Circles drawn on the surface of a sphere 

bisect each other. 
IV.— The Meridians are Great Circles drawn on the surface of 
the Globe : they bisect each other at the poles. 
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V. — ^The Equator is a Great Qrcle every where equidistant from 
the poles ; all the meridians meet it at Bight Angles. 

VI,— The Equatorial points are those in which any Great 
Circle outs the Equator; they are 180^ distant firom each 
other^ and 90° distant from the meridian passing through 
the points of their gi^test separation. 

yiI.-^The VfiRTEx is the point of greatest separation of a Great 
Circle from the Equator; its measure is the arc of the meri- 
dian passing through it^ and is identical to its Latitude* 

VIII. — ^The Vbrtbx-Distanob is an arc of the Equator lying 
between the meridian passing through the vertex, and 
any other meridian ; it is their difference of Longitude. 

IX.**^An iNTfiRMEDiATfl FoiNT is ouo lying in a Great Circle^ o^ 
which the Latitude and Longitude are either known or cau 
be found. 

X.-^*CouRSB is the angle which a Tangent to a Great Circle makes 
with the meridian passing through the point of contact* This 
angle changes with each meridian cut by the circle^ and has 
been the chief obstacle to the practice of Great-Circle Sailings 

7.-^Bules and Examples for Simple Courses, 

For the Oov/raea. 

Bule I.—- 'Find half the Difference of Longitude, between the two 
places^ and also the half sum and haK difference of their Colatitudeis. 
If the places are on opposite sides of the Equator W. must be added to 
the latitude of one of them for its Colatitude. 

II,—* Add together the Log. Secawt of the half sum of the Colatitudes^, 
the jCo^, Comie of half their difference, and the Log. Cotangent of half 
the difference of Longitude ; the sum, rejecting tens from the indexj, 
will be the Log. Tangent of half the sum of the courses. 

III.— 'Add together the Log. Cosecant of half the sum, the Log^ Sine 
of half the difference of the Cdatitudes, and the Log. Cotangent of half 
the difference of Longitudes; the sum rejecting tens £rom the index, will 
give the Log. Tangent of half the difference of the Courses. As the area 
are the same in both these formulae the Logarithms of each arc may be 
taken out at the same opening of the Tables, 

IV. — ^The sum of these two arcs will be the Course from the placQ 
which has the greater latitude, and their difference the course from the 



cither place. These courses arR to be reckoned from the pole of the 
hititude of the place. Thej are to be considered merely as auxiliary 

I arcs in succeeding operations, and not as indicating the direction iu 

I which it 18 required to sail. 

I 8. For the Distance. 

I EuLE. — Add together the Lo^. Cosme of half the sura of the Co nrses 
I found by the above Rule, the Log. Secant of half their difference, and 
I the Log. Tangent of half the sum of the Colatitudes ; the sum rejecting 
I tens, will be the Log. Tangent of half the distance. This arc multiplied 
I by 2, and reduced to minutes, will give the distance in miles. The 

Logarithms of this operation may be taken out at the same time as 

those of the same arcs iu the preceding roles. 

9. For the Latitude of the Vertex. 
EcLB. — To the Log, Sine of the Cour3e,.from the place nearest to the 
Equator, add the Log. Cosine of the latitude of that place, the sum, re- 
jecting ten, will be the Log. Cosine of the Latitude of the Yertcx, 

10. For the Longitude of the Vertex. 
Utile. — To the Log. Tangent of the above Course, add the Tjog. Sine 
of the Latitude of the place; the sum, rejecting ten, will be the Log. 
Cotangent of the Vertex- Distance. By applying this arc to the Longi- 
tude of the place, the Longitude of the Vertex will be known. The 
Equatorial Points, being 90". distance from the Vertex, may now, if 
required, be ascertained, by applying to the Vertex-Distance, its com- 
plement. 

11. Ib/jni the Latitude of ant/ number of Intermediale points. 

Rule.— -To the L<^. Tangent of the Vertex, add the Log. Cosine of 

k the Vertex-Distance of any assumed Longitude, tlie sum, less ten, will 

I be the Log. Tangent of the corresponding Latitude. The Log. Tangent 

I of the Vertex will be a constant quantity in the computation of any 

number of Intennedidte points. 

12. — When the Latitude and Longitude of any Litermediate point is 
I found, it may be laid down on a Mercator's Chart,* and if the arc of a 
J circle be drawn through this point, and the Ports of departure and desti- 
\ nation, the Curve will represent the Great-Circle Course between these 

ling tho two 



Forts. The coarse and distance from any one point in it to another^ may 
be then found quite near enough for practice, by the help of a parallel 
ruler and a pair of compasses^ in the same manner that the bearing and 
distance of any point of Land from the Ship, are usually found. It will^ 
however, be a better plan to find a number of Intermediate points by 
calculation, and place them either on a Chart, or in a Tabular form, as 
will hereafter be shown, and the Course and distance between each, may 
be found either by the Traverse Tables or Trigonometry. 

13— Ex. A ship is off Lundy Island, in lat. 51° 10 'N. long. 4^^ 38' W. and is 
bound to Jamaica ; required the Course, Distance, Latitude and Longitude 
of the Vertex, Equatorial Points, and Intermediate Points for every tenth 
degree of longitude, in the Great Circle, passing through the ship's place 
and Morant Point in Latitude 58^7' N. and Longitude 76*^ 5' W. 



deg. mn. deg min 

lundy Island 51 10 N. 4 88 W. 

Morant Point 17 58 N. 76 5 W. 



Diff.ofLong. 71 27 
Half do. 35 43 1 



Colatitudcs 

Sura 
Diff. 



{ 



deg- mn. 

38 60 
72 2 

1T0T2 
32 12 



deg. nun. 
Half 55 26 
Do. 16 36 



For the Courses 
deg. min. 

Half Sam of Colats 55 26 Sec. 0.2461 CosecO.0844 
Half diff. do. 16 36 Cos. 9.9815 Sin. 9.4559 
Half diff. Long. 85 43 Cot. 0.1432 Cot. 01432 



Half Bum of Courses 66 56 Tan. 10.3708 
Half diff. do. 25 45 



Tan. 9.6835 



Coiir8efifomLundyN.92 41 W. or S. 87 19 W. 
Do. Morant Pt. N. 41 11 E. 



For the Distance 

deg. min. 

i sumofcoursesGd 65 Cos. 9.5931 
i diff. do. 25 45 Sec. 0.0454 
i sum of colats 55 20 Tan. 1618 

Half distance 32 16 Tan, 9.8003 

2 



Distance 64 82:^=3872 miles 



For the Lat of Vertex 

deg. min. 
Coarse from Morant Point 41 11 Sin. 9.8185 
Latitude of do. 17 58 Cos. 9.9783 



For the Long, of Vertex. 



••• 



Latitude of Vertex 



^. min. 



Tan. 9.9420 
Sin. 9.4892 



51 13 Cos. 9,7968 Vertex Distance 74 54 Cot 9.4812 

Long. ofMor. Pt 76 5 



Long, of Vertex 1 11 W. 
Equatorial Points 91 deg. 11 mm. W. and 88 deg. 49 min. E. 



Ftr the Intermediate Pointe. 



I d^ min 
IiongVTl 10 
Ver. disCos. 8 49 9.9948 
Vertex , Tan. 51 13 0.095 

Lat N. Tati. 50 53 10.0898 



deg min 

20 

18 49 9.9761 

0.0950 



• • • • • ( 



49 40 10.0711 



deg nun 

30 

28 49 9.9426 

0.0950 



47 29 10.0376 



a^nun^^^^ 
40 

88 49 9.8916 
0.0U50 



• t • • • • 



44 7 9.9800 



mtn 



9g mti 




48 49 9.8185 
0.0950 



t • • • • I 



39 20 9.9185 



liOngitiides 
Vertex dist. 
Vertex 



Latitades N 



\deg mitt 

70 



<% mill 

60 

Cos. 58 49 9.71t4|68 49 9.5579 
Tan. 51 13 0,0950 0.0950 



Tan. 82 28 9.8064!24 13 9.6529 



By Mercator the course from Londy 
is S. 59 deg. 51 min. W. and dis- 
tance 3967 miles. Diflf. in fEtvour 
of 6. C. Course 95 miles. 



14.— Ex. A ship is off the Land's End, in Lat. 50° N. Long. 5° 40' W. It is 
required to find the elements of the Great-Circle Arc between the plaice 
of the ship and Cape Race, Newfoundland in Lat. 46° 40' N. Long. 53° W. 



deg min 
Land's End 50 N. 
'lape Race 46 40 N. 

Diff. of Long. 
Half ditto 



deg min 
5 40 W. 
53 OW. 

47 20 
23 40 



Colatitudes 

Sum 
Diff. 



{ 



deg min 
40 
43 20 

83 20 
8 20 



deg. min. 
Half 41 40 
Bo. 1 40 



For the Conrsca 

deg min ^ 

Half Sum of Colats 41 40 Sec. 0.1 207 Cosec 0.1773 

HalfdiflF. do. 1 40 Cos. 9.9998 Sin. 8.4637 

Half diff. Long 23 40 Cot. 0.3588 Cot. 0.3583 



HalfSum of Courses 71 52 Tan. 10.4848 
Half diff. do. 6 42 



Tan '8.9993 



Cour.fromL.EndN. 77 34 W. 
Do. Cape Race N. 66 10 E. 



for the Distance 

deg min 
^ sum of courses 71 53 Cos. 9.4931 
i diff do. 5 42 Sec. 0.0022 

i sum of colats 41 40 Tan. 9.9494 



Half Distance 15 33iTan. 9.4447 

2 



Distance 31 7=1867 miles. 



For the Lat. of Vertex 

Course from Cape Race 66 10 Sin. 9.9613 
Latitude of do. 46 40 Cos. 9.8365 



i.t 



For the Long of Vertex 



Latitude of Vertex 



dfg min 

51 7 Cos. 9.7978 Vertex distance 31 16 

Long of C. Race 53 



Long of Vertex 21 44 W . 
The Equatorial Points arc 111 deg. 44 min. W. and 68 deg. 16 min. £. 



Tan. 0.3548 
Sin. 9.8618 



Cot. 10.2166 



For the Intermediate Points. 



Heg'mt^^^^ 

15 

6 44 9.9970 

0.0934 



Lon.W. 
Ver.dis. 
Vertex 



LatN. 



■ deg HUM 
10 
Cos. 11 4 9.9908 
T^n. 51 7 0.0934 



Tan. 50 31 10.0842 



50 55 10.0904 



aeg mm 
20 
1 44 9.9998 
0.0934 



• *.• • • • 



51 6 10.0932 



deg min 
25 
3 16 9.9993 
...^.^0.0934 

51 '4 10 0927 



deg min 
30 
8 16 

• • • • • • 



9.9955 
0.0934 



50 50 10.0889 



Longitudes W. 
Vertex dist. 
Vertex 

Latitudes N. 



deg min 
35 
Cos. 13 16 9.9883 
Tan. 51 7 0.0934 



Tan. 50 22 10.0817 



d^ mxu 

40 

18 16 9.9775 



deg mm 

45 

23 16 9.9632 



• • • • • • 



0.0934 _0.01i34 

49 39 10.0709 48 43 10.0506 



aeg min 

50 

28 16 9.9449 

0.0934 

47 31 10.0383 



Course by Mercator is S. 83 deg. 5 min. W. : Distance 1889 miles. In this example the 
Vertex being between the two ports, the Vertex-distances first decrease till the Long, of the 
Vertex is attained, after which they increase. 



15.— Ex. Required the Elements of the Great-CSrcle Cosrae passing through the 
point off Cape Spartel in Lat. 85 deg. 56 min. N., Long. 5 deg. 50 min. W., and Halifax in 
Lat. 44 deg. 44 N., Long. 63 deg. 86 min. W., for every fifth degree of Longitude. 



Gape Spartel 85 56 N. 
Halifex 



dfig. mill. 
85 561^ 
44 44N. 



dog. mill. 

5 50 W. 
68 86 W . 

Diff. Long. 57 46 
Half Do. 28 58 



deg. min. 



Sum 
Diff. 



99 20 

8 48 



deg. rain. 



Half 49 40 
Do. 4 24 



ibr the Courses. 

HalfSnmof Colat8 49 40 Sec. 0.1889 Co8ec0.1179 
Half Diff. do. 4 24 Cos. 9.9987 Sin. 8.8850 

Half Diff. Long. 28 58 Cot. 0.2688 Cot. 0.2588 



For tlie Diitance. 

deg mm 
i Smn 70 18 Cos. 9.5278 

i Diff. 10 21 See. 0.0071 

i Sam Colats 49 40 Tan. 0.0711 



Half Smn 
Half Diff: 



70 18 Tan. 10.4459 
10 21 



9.2612 



Half Diat. 21 59 Tan. 9.6060 
2 



Courses 



In. 



80 89 E. firom Halifax 
59 56 W. from C. Spartel 



For the Lat. of Vertex. 

degmknk 

Comrse from C. Spartel 59 56 

Latitude of do. 85 56 



Distance 43 58 » 2,638 miles. 



For the Vertex Dfart. 



Sin. 9.9873 
Cos. 9.9088 



••• 



•t« 



••• 



Latitude of Vertex 



45 30 



degm% 



Tan. 0.2874 
Sin. 9.7685 



Cos. 9.8456 Vertex Distance 44 37 Cot. 10.0059 
Long, of C. Spartel 5 60 



Long, of Vertex 60 27 W. 
Equatorial Points 89 deg. 83 min. E., and 104 deg. 27 min. V^. 



For the Intermediate PiAnte. 



2 



15 

35 27 9.9101 
0.0076 



20 

30 27 9.9365 
0.0076 



Iiong. V^. 
Ver. Dist. 
Vertex 



Latitudes 



dM. min, 

5 50 

Cos. 44 37 9.8524 

Tan. 45 30 0.0076 



t 



mm. 




Tan. 35 56 9.8600 



40 27 9.8814 
0.0076 



• • • • • • 



37 45 9.8890 



• .. ... 



39 86 9.9177 



• • • •• • 



deg, mm. 
25 

25 27 9.9557 
0.0076 



41 16 9 9431 



42 35 9 9688 



35 

15 27 9.9840 

0.0076 



l^eg^MnT^'^'^ 
40 

10 27 9.9927 
0.0076 



45 
5 27 9.9980 
0.0076 



LongW. 
Ver. diet. 
Vertex 



Lata. 



deg. min, 

30 
Cos. 20 27 9.9717 
Tan. 45 30 0.00 76 

Tan.43 38 9.9793 



44 27 9.9916 



... ... 



45 110.0008 



• « • • • • 



45 22 10.0056 



deg. mm, 
50 
27 9.9999 
0.0075 



45 80 10.0075 



Long.W. 
Vertex Disi 
Vertex 



Latitudes N. 



deg. mm, 
65 
Cos. 4 83 
Tan. 45 30 



9.9986 
0.0076 



Tan. 45 25 10.0062 



deg. mm. 

60 
9 83 9.9939 
0.0076 

145 6 10.0015 



deg. mm. 

63 36 

13 19 9.9882 

0.0076 



44 44 9.9958 



16. — ^Ex. Required the elements of the Great-Circle Coarse from Panama Lat. 8 d^. 
57 min. N. Long. 79 deg. W. and Port Jadkson Lat. 83 deg. 61 min. S. Long. 151 deg. E. 

dig min deg min deg mm 

Panama 8 67 N. 79 W. « , . 7 98 5': 

Port Jackson 38 51 S. 161 E. 



Colats } f^ ^l 



Diff. of Long 280 
or 180 



155 6 

42 48 



Half 77 88 
Do: 21 84 



Half ditto 65 



— ■ I. *■ 

B; iTorking thia Eiunplo in the aomo mannei ae the TortigiUBg oikb, tba b>If una of flie 
courses wiU be 63 dog. 36 mid., and Ihc half diS. 9 dcK OS mm. ; S. 13 dcg. 29 min. E, Uia 
the course from Tort Jackaon, and S. 53 dcg. 13 min. W. the eqnrso from Panama. The 
UtiUdeofthe Vertex ia37 dcg. 13 min., and its longitndc 58 rain. W. or 179 dog. 2 min. E. 
The Intermediate PointB, and their Vertex ■flistanoes for every tenth degree ut longitude arc 
riiewn in tho foflowlng TaUo. 



VcrtBi diit. 
Lotitndei N. 




70 2 
8 13 


SB a 
a 44 


100 
80 B8 
G483 


70 BS 
13 IB 


120 
eOB8 
20 U 


130 0140 
BO 68 40 58 
BB 34| 29 BO 




FertK diBt. 
Utitndes S. 


IBO 
30 fiS 
83 1 


20 6g 
85 21 


170 C 
10 58 
B6 42 


58 
37 13 


17^ OB. 
9 2 
3(t SS 


160 
10 2 
36 41 


33 eo| 



17. — Compound Coursea, It may often occur that the simple 
Great-Circle course between two ports mil be impracticablcj in conse- 
quence of the interposition of Islands, Headlands, and other obstacles. 
Under such circumstances it would be advisable to divide the voyage 
into two or more parts, directing the Great-Ciicle courses so as to clear 
each impediment in succession. The following examples will amply 
illustrate this kind of sailing, 

18. — Ex. Keqnired the Grcat-Circie Courses from the Land's End to 
Block Island, in latitude 41" 10' North, and longitude 71" 39' West. 

Aa the direct Great-Circle Course in this voyage would lead over the 
Southern coast of Newfoundland, it is impracticable, it will tbereforo be 
best to adopt the course to Cape Kace as shown in Ex. par. (14.) 
The arc of a second great circle passing throagh this point and B. 
Island may next be laid down, of wkich, the intermediate points for the 
longitudes 55", 60", 65" and 70" West, are 46" 16', 45" 4', 43" 36', and 
41" 49' North. The distance on this arc is 14" 28'=868 miles, the 
distance on the first arc is 1867 miles. Total 2735 miles, 

Should this last arc be supposed to approach too near the coast of 
Nova Scotia, the course may be directed to any other series of latitudes 
lying between the common rhumb and this arc, but iu doing so tho dis- 
tance will be increased proportionately with the deviation. 

19. — When the points of departure and destination are on opposite 
sides of the Equator, and the direct Great-Circle Course is impracticable, 
it would be best to fix upon some point in the Equator for crossing it, 
so that at the least, one of the arcs may be a simple one. If any 
impediment should exist in either course that would prevent its being 
carried direcl to or from the Eijuatorial point, the best plan wnidd be 
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to divide it so that the course from the port should be directed so as 
just to clear the impediment^ and meet the meridian passing through 
the Equatorial point as near the Equator as possible^ when the rest may 
be run on that meridian. 

20. — When a Great-Circle Course leads to or from a known point 
of the Equator, the following mode of finding the Courses, Distance, 
and Vertex, will be more easy than by the rules given in (7) (8) and (9). 

Eule 1. — ^Find the difference of longitude between the Equatorial 
point and the port, then set down separately the log. sine, the log. 
coame and the log. cotangent of this difference of longitude. 

2. — ^Under these three Logarithms write respectively the log. cotan- 
gent, the log. cosine, and the log. sine of the latitude of the port. 

8. Add together each of these pairs of Logarithms, rejecting ten 
from the index of each ; the first sum will be the log. cotangent of the 
latitude of the Vertex, the second the log. cosine of the distance, and 
the third the log. cota/ngent of the course from the Port ; to be reckoned 
from the opposite pole, if the difference of longitude is less than 90® ; 
but from its own pole if greater. The course from the Equator is the 
complement of the latitude of the Vertex. The longitude of the Vertex 
will be 90° distant from the Equatorial Point. In finding the Distance 
by this Eule, if the difference of Long, is greater than 90° the supple- 
ment of the arc found is to be taken. 

21 . — ^Example. Eequired the particulars of the Great-Circle Courses 
from theLand^s End to Cape Horn, in latitude 55° 55' S. and longi- 
tude 67° 21' W. The first course to be directed to latitude 17° N. 
and longitude 25° W. The Equator to be crossed in 25° W. 

Eemark. The direct course to Cape Horn would lead across 
the eastern coast of Brazil and is therefore impracticable. The direct 
course from the Land's End to the Equator in 25° W. would lead to 
the eastward of the Cape Verd Islands, a part of the Atlantic to be 
avoided by reason of the peculiarities of its meteorology; on this account 
the first course has been directed to Lat. 17° N. It is not presumed 
that the Courses laid down either in this or the following examples are 
the best that could be given : to plan any voyage is more the province 
of the practical mariner than the mathematician. 

deg min 
Land's End 50 N. 

First Point of Destination 17 ON. 

Difference of Long. ... 

Half Do. ... ... ... 



deg min 

5 40 W. 
25 OW. 


dey 
Colats i ^^ 

Sum 113 
Diflf. 33 


deg min 

Half 56 80 

Do. 16 30 


19 20 
9 40 



For the CoarscB 
de§ nun 
Half sum of Colats 66 80 Sec. 0.0581 Cosec 0.0789 
Hnlf difE. do. 16 80 Cos. 9.9817 Sin. 9.4533 
Half m. Long. 9 40 Tan. 0.7687 Cot. 0.7687 



For the Diatance 

degmxn 
i sum of courses 84 24 Cos. 8.9894 
k diff. do. 63 26 Sec. 0.8495 
\ sum of col. 56 30 TaTi. 0.1792 



Half sum of Conre. 84 24 Tan. 11.0085 Half Dist. 

Half diff do. 63 26 Tan. 10.3009 



18 15 Tan. 9.5181 
2 



Land's End N. 147 50 W. or S. 32 deg. 10 min. W. 
1st. Point N. 20 58 E 

For tho Vertex. 

deg min 

Course from 1st. Point 20 58 

17 



Distance 36 30=2190 miles 



Latitude of do. 
Latitude of Vertex 



Sin. 9.5537 
Cos. 9.9806 



69 59 



deg min 



Tail. 9.58S4 
Sin. 9.4659 



Cos. 9.5343 Vertex Distance 83 36 
"-'— ' Loug.oflst.Pt. 25 OW. 

Long of Vertex 58 36 E. 

^ I HI ■! 

For the Intermediate Points 



C6t. 9.0493 



Longitudes W, 
Vertex Dist. 
Lat. of Vertex 



Latitudes N. 



deg min 

10 
Cos. 68 36 9.5621 
Tan. 69 59 0.4385 



deg iM,n 
5 
73 36 9.4508 



Tan. 45 4 10.0006 



• • • • • • 



d^ min 

20 

78 36 9.2959 



0.4385 0.4385 



37 47 9.8893.28 29 9.7344 



deg min 
25 

83 36 9.0472 
0.4385 



• • • • • • 



17 9.4857 



The Distance from Ut. Point, to the Equator, being on a Meridian^ a Great 
Circle^ is 17 <%.=1020 milea. 



From the Equator to Cape Horn. 
deg min deg min 
25 OW. 
56 55 S. 67 21 W. 



Equator 
Cape Horn 



DifiT. Long. 
Lat. of Cape 



For the Vertex 
deg min 

42 21 Sin. 9.8284 
55 56 Cot. 9.8303 



Diff. Long. 42 21 

For the Distance 



Course from C. Horn 



t. • 



deg min 



• •• 



Cos. 9.8687 
Cos. 9.7486 



•*• 



... 



deg min 



Cot. 0.0402 
Sin. 9.9181 



Lat. of Vertex 65 30. Cot. 9.6587 65 82 Cos. 9.6172 N. 47 45 E. Cot. 9.P588 

Course from the Equator is S. 24 80 W., the complement of the Vertex*— Dist 8932 miles. 

The Intermediate Points are set in the following Table without the Logarithms. 

' ' ' ^ '^ ^ ^ "Dist. 1st arc. 2190 mfles 

2nd arc. 1020 — 
8rd arc. 3932 — 



Long.W. 
Vertex dist. 
Latitude S. 



degmxn 
30 
85 
10 50 



deg min 
35 
80 
20 52 



deg min 
40 
75 
29 86 



deg min 
45 
70 
36 S4 



deg min 
50 
65 
42 50 



deg min 
55 
60 
47 89 



^Mmin 
60 
55 
51 32 



^eg min 
65 
60 
54 40 



Total 7142 



22,— Composite Sailing. Is resorted to when the circumstances of 
a Voyage render it expedient for one part of it to be performed on a 
Common Ehumb. Thus, when the difference of the Longitude between 
two places is large, the Vertex of the Great Circle is in a Latitude too 
high to be practicable. In such a case it would be desirable to fix on a 
Maximiim Latitude^ above which the Ship is not to go. The Voyage 



will then be divided into three parts^ of which the first and third will be 
arcs of Great Circles ; the Yertex of each being the Maximam Latitadei 
but having different Longitudes. The second or middle part will be 
mn on the Parallel of the Maximum Latitude for a distance equal to the 
difference of Longitude between the Vertices. 

23 — Lithis case the Latitude of the Vertex being known, its Longi- 
tude may be most readily found by the following Bale. To 
the Loff. Tangent of the Latitude of the Fort, add the Log. 
Cotangent of the Latitude of the Vertex, the sum, rejecting ten, will be 
the Log. Cosine of the Vertex distance of the Port, which if applied to the 
Longitude of the Port will give the Longitude of the Vertex. The 
distance also may be found from the same arcs, by adding to the Log. 
Sine of the Latitude of the Port, the Log. Cosecant of the Latitude of the 
Vertex ; the sum, rejecting ten, will be the Log. Cosine of the distance 
of the port from the parallel of the maximum latitude. The Distance to 
be sailed on the parallel of the maximum latitude, may be found by the 
common rule for parallel sailing. Suf&cient materials to illustrate this 
kind of sailing will be found in the following Example. 

24.— Ex. Suppose a Ship off the Land's End is bound for King's 
Island, in lat. 89° 30' S. Long. 148 50' E. She proposes to cross the 
Equator in Long 25° W. and to fix her maximum latitude to 51° S. 
Required the particulars necessary to delineate the several courses of the 
voyage on a Mercator's Chart. 

The first two courses of this voyage are worked in Ex. (21.) where 
the distance to the Equator is shown to be 3,210 miles. 

The second course from the Equator to the parallel of the maximum 
latitude, will be the hypothenuse of a right-angled and quadrantal spheri- 
cal triangle, of which the latitude of ihe vertex is 51°, the same as the 
maximum latitude, and its longitude 65° E. being 90° distant from 
26° W. the equatorial point. The course from the Equator 8. 89* B. 
the complement of the vertex, to 90°; and the distance is a quadrant 
or 90^« 5,400 miles. The intermediate points are to be found by rule 
(11) ; they are shown for every tenth degree of longitude in the follow- 
ing table. 

Tahle of InUrmeditUe Points 



Longitudes 
Vertex dist. 
Latitudes S 


degmin 
20 W. 
85 
6 9 


degmin 
10 
75 
17 43 


degmn 

65 
27 83 


degmin 

10 B. 
55 
80 9 


deg min 
20 
45 
41 8 


degmin 

30 

35 

45 20 


25 
48 13 


degmin 
50 
15 
50 1 


50 641 



TbB partictilnrB ot Uio laid courBc arc 
B? 80 Tan. 0.8181 



Diff. of Long on Uio pnraUei 



— Cob, Bl dog, 

) 43=1813 miics 

Dialluice on Famllel 
DiBtance fraoi Lund's End to Equator 
From Equator lo Mai. lalimde 
JKelanini from Panllel lo Dettiulion 

Tola] Distaaw 



).79S9 

im* llGOnulM. 





TaHi of hln-iidials Pdi.((, 






LongibidDa E. 
Votlei dist. 
LntthidcH 9. 


i&'m 1 iTo'43 

G Q 16 
60 64, 1 GO 1 


1%13 
3E 
-I16 13 


35 

iS 30 


4S 
41 8 



In making a TaUo of Intermediate Points for any particular voyago, the VerUi-Dialanco 
necJ not be ioBcrtcd u tho latitudes and longitadea are all Ibat can be required latber lo 
nuuJt the point on a Chart or to find the course. 

25 . — In the preceding examples, specimens have been given of all that can 
be required in practical Great-Circle Sailing; and whether it is propos- 
ed to sketch the couisea on the Chart, by finding only one iutermediato 
[toint, as proposed in par. (IS.)i w ^'y laji»S down the positions of a 
greater number of points found by calculation; the practice, will after a 
diort study become easy and expeditious. The Tyro may rely on the accura- 
cy of the last p!an,aa the latitudes of the vertex and intermediate points may 
be obtained to the nearest minute quite as easily as to the nearest to degree. 
This is of the greatest importance, for should there be an error in the 
vertex, there will be a corresjiondii^ error not only in the distance, but 
also in the latitude corresponding to any degree of longitude ; if the 
yertices are only calculated to whole decrees, this error may be m 

lueh as thk-tj/ miles. 

■Independently of shortening the ditlance of a voyage by follow, 
ing the Great-Circle course as closely as possible, a great advantego 
will be gained by giving to the mariner a Ji^edaeas qfpurpoae in the 
]^roaecutioa of his voyage, which may prevent him from going consi- 
iderably out of hit way. His plan has been laid, and well considered 
before be sets sail. To the whisperings of caprice he will give no ear, 
„W)r win he bo easily diverted by any ignis fatuus purpose that would 
entice him to pursue a course contrary to his first design, in the hojK of 
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obtainiDg more favourable winds^ from the consciousness that such a 
deviation would certainly lengthen the distance^ whilst the compensating 
favouring breeze might be denied. There do, indeed, exist several 
peculiarities of winds in various tracts of the Ocean, which it may be 
prudent either to avoid or take advantage of; but the wise and well in- 
structed^ mariner will well weigh the certainty of the advantage before 
he commences his voyage. In the Example (21,) the Qreat-Circle Arc 
has been thus diverted from its simple course to the Equator, and a com- 
pound one substituted, in which the greatest westing has been attained 
in latitude 17 N. Many mariners make it much earlier. Suppose it 
to be attained in lat. 35, by no means an uncommon thing, the dis- 
tance sailed would then be 1,237 miles to the 25 degree, thence to the 
17° N. 1,080 miles, total 2,317 miles or 127 miles more than by the 
Great Circle. Whereas, had the course by meroator been followed, the 
distance would not have exceeded the Great-Circle Course by three 
miles. Here the distance has been lengthened 6 miles in every 100, 
and not the slightest advantage gained to counterbalance the sacrifice of 
time"and distance, a sacrifice which would have been avoided by a per- 
son who thoroughly appreciated the advantage of following up a well 
considered purpose. This naturally leads to the subject of the follow^ 
ing paragraphs. 

27. — ^WiNDWAED Sailing. This sailing is resorted to when the wind 
is in any degree adverse to the ship^s course. This contingency forms 
one of the objections which are often made to the practice of Great- 
Circle Sailing ; but if the subject be fairly considered, it presents one of 
the strongest proofs of the importance of a knowledge of the art. It 
often happens, that the course by the Rhumb deviates as much as three 
or four points from the true, or Great-Circle Course. Let us suppose a 
case, in which the course given by the Rhumb is W. S. W. The Great- 
Circle Course, W. by N. and the wind W. by S. A person unacquaint- 
ed with the Great Circle, would naturally choose the starboard-tack, as 
he would suppose that this course is only 5 points from the direction 
of the port, whilst in reality it is 8 points from it. Had he chosen 
the port-tack, which seems to take him 7 points from the direction of 
his port, he would in reality be proceeding only 4 points distant from 
the true course, and, consequently making a considerable approach 
to it, in the former case he makes none. 

V 28. — ^Thc objection on account of an adverse wind, applies equally to 
the course given by the Rhumb, and to that given for tlic Great Circle i 



80 that this objection to iho practice of Great-Circle Sailing, is ground- 
less* But it may be doubted whether the rigid adherence to the true 
course in spite of opposing winds^ is at all times advantageous. To 
decide this question^ is perhaps more the province of the practical 
mariner^ than the mathematician, but even in this case, calcnlation may 
throw some light on the subject, and its decision should be allowed its 
proper influence, till actual experiment shall have decided which is best. 
Let us suppose a case, the most unfavourable for pursuing a certain 
course. Two Ships are on the Equator, in 25° W. longitude, their 
destination Australia, the wind S. E. One of them proposes to follow 
the Great Circle tract pointed out in par. (24,) the other to proceed on 
the S. S. W. tack, until out of the influence of the opposing "Trade 
wind.'^ Both ships sail at the rate of six knots per hour, consequently, 
in ten days they will each have sailed 1,440 miles. The Commander of 
the first ship will manage his traverse, so as to sail 755 miles on the 
S. S. W. rhumb, and 685 on the E. N. E. which will place him nearly 
on the Great Circle, in latitude 7^ 16' S. and longitude 19°. 15' W. 
He has made good 562 miles of his course, and is distant 1,629 miles 
from a point in the course on the meridian of Greenwich, in latitude 
27° 33 S. a point which will probably be made by both ships. The 
other ship is supposed to have made no change in her course, and is in 
latitude 22°. 10' S. longitude 34°.25.' W. she has neared the above 
point only 298 miles, and is 1,895 miles distant from it or 266 miles 
more than the first ship. But which of them is in the best position, as 
it regards the rest of the voyage, especially if the second ship should 
proceed to the parallel of the maximum latitude on a Great Circle, cannot 
in consequence of the uncertainty of the wind, be mathematically 
demonstrated. The second ship is nearly out of the influence of the 
opposing trade wind, and variable winds may be expected ; these may 
enable her to proceed direct towards her destination, but they may also 
prove adverse. The other ship will for some time longer have to strug- 
gle with the tradewind, but even that is not constantly fixed to one 
point; and as it is now directly opposed to her course any change must 
be in her favour. She steadily pursues her path, at a rate that chance 
cannot retard, but may accelerate. 

29. — But trade winds do not pervade every part of the Ocean, and 
whether a ship proceed on a common rhumb or on a Great Circle she 
has no reason to suppose the wind would for many days continue to blow 
from the same adverse point. It must after a time change, and it will 



be a matter of prudent policy in the mariner^ so to manage his course, 
that the expected change must be in hisfavamr. This can only be done 
by keepmg the point of his destination as much as possible in the direc- 
tion of the wind, in Nautical phraseology, in '' 7^ JFiiMPs Ej/e.^' This 
is a case for which no directions are given in books of common 
Navigation ; but as the rigid adherence to tme course is in this work 
strenuously advocated, it may be necesary to give the following rules^ to 
enable the mariner to carry it into execution ; they will be as applicaUe 
to sailing on a common rhumb as on a circle. 

80.--*-To place the point of destination in the direction of the wind. 

Bnle 1.— »After having found the bearing and distance of the point 
of destination^ by the method practised in common Navigation; 
add together the Lo^. OoseccaU of 6 points, the Lop. Sine, of the angle, 
the wind makes with the bearing of the point of destination, and the 
IfOff, of tke Distcmoe of that point from the ship ; the sum of these three 
Logarithms, rejecting tens, will be the Log. of the distance in miles^ to be 
sailed to]^ring ttie wind to the same bearing with the point of destination. 

S. — ^To find the whole distance.— To the Log. Cosecant of 4 points^ 
add the Log. Sine, of the di£ference of the angle the wind makes with 
point of destination and 6 points, and the Log. of tke distance of the 
ship from that point ; the sum, rejecting the tens, will be the Log. of a 
number to be added to the distance before found. The sum will be the 
number of miles to be sailed, before she com^ on the other tack, on 
which, if she sail a distance equal to the number of miles found by the 
isecond operation, she will have arrived at the point of destination. The 
0am of the miles sailed on both tacks will give the whole distance 
necessary to reach that point. 

81. — ^To illustrate these rules, let us suppose a ship near Luudy 
Island, bound to Jamaica, the wind W. S. W. The first point of desti- 
nation we will fix on in Lat. 50° 63' N. Long. 10° W. The bearing 
of this point from the ship, is by Mercator Sailing, S. 86°, 12' W. but 
that the work maybe in points, we will say W. J S. or S 7i W. points, 
and distance 203 miles. The angle this makes with the wind, is li points, 
and the difference between this angle and 6 points, is 44 pomts. Then 
by the above rules. 

6 pts. Coaec. 0.0344 4 pts, Cosec 0.1505 

lipta. Sin. 9.4628 4ipt8. Sin. 9.8882 

203 2.8076 208 2.807ft 

1st. Dist. 6r"mile8. 1.8047 2nd. Dist. 222 2.8462 

1st. Dist. 64 

Brd. Dist. 286 miles. 
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Heiico by sailing N. W. 64 miles the bearing of the point of desti- 
nation from the Ship will be W. S. W. the same as the wind : nothing 
will be gained by going on the other taek till this is effected. 

32 — Having obtained these results the mariner will have it in his power 
to decide how he will manage his distances on each tack. He may 
either proportion his iiore in the ratio of the third and second distances, 
it is, he may sail IS^ hours on the N. W. course, and lOi hours on 
South ; or he may, after sailing the first distance, 64 miles, run an 
equal number of miles on each tack. The former will at the end of 
every M hours place him on the chord that leads to his point of des- 
tination, the latter on the rlinmb on which this point is in the "wind's 
eye." If equal distances are run on each of these modes, by the first, 
he will be nearest to the Great Circle, by the second, he wiU keep in 
such a position that any change of wind taust be in his favour; either 
will kee[) him steady to his true course, and by no other mode of 
shaping it, would he be placed so near hU port. He can have no 
reasonable hope that he should have a more favourable wind in the one 
position than in the other, consequently the track now pointed out rami 
be the best. Should the wind continue to blow from the same point for 
3 days IS hours, he will have arrived at his point of destination, when 

I 'he will have to shape a new course to another, not very distant, point 
'in the Great Circle. Either of these modes only proposes to tack once 
fe St hours, but it might be advantageous to tack twice in that time, 
If the wind is directly adverse. 
33. — It may perhaps be as well to advert to another jwactice to which 
aariners often resort. It is, sailing away " from the wind " that the 
ihip may go faster through the water. But from this practice no 
iflvantage can be gained unless the speed is so much accelerated as to 
I^ace him nea^-er his port by pursuing it, than he would be by keeping 
eloae-hauled. Now if he sail 7 points irom the wind his speed must 
be nearly doubled, to enable him to keep on a par with another ship 
sailing at 6 points. 

For example. Suppose a ship when close-hauled to lie 6 points from 
the wind, the following table will shew the respective distances it must 
sail to arrive at a point of destination 100 miles distant, for every 
integer point of the angle which the course makes with the bearing of 
that point. Under these are placed the corresponding distances that 
must be passed over to arrive at the above point if it saU free at 64 and 
7 points froni the wind. 
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Hence it appears that for every ten milea a ship sails when close- 
hauled, if it sail free half a point it must sail thirteeQ miles and a 
riuarter, and if it go free a whole point, it will leave to sail 1 9 miles and 
a half, or at the respective rates of 5, 6^ and 9J knots per hotir. 
This fact must convince every unprejudiced man, that in the case of ad- 
verse winds the most advantageous plan will be tofollo-w the true course, 
laiUuff aa close to the vtnd as possible. For the nearer a ship sails to the 
wind the more rapidly slie approaches her port, though she has less way 
tiu-ougli the water. Thus it is evident that though the Mathematician 
has no power over the wind, yet he can point out the way to make 
even its inconstancy subservient to man's advantage. 

34. — From the constant change of course, the rigid prosecntioii of 
a voyage on a Great Circle is, if not impossible, hnpracticable, but the 
approximation here recommended gives every advantage, the knowledge 
of its being the shortest distance between two ports can impart. The 
course here proposed is the c^?-!^ connecting two not very distant points 
in the circle, of which the latitudes and longitudes have been ascertained 
by the preceding rules. If this chord be taken to arcs not great«t than 
Ave degrees of longitude, the distance will not exceed the length of the 
arc itself, more than one tenth of a mile in every hundred. The bearing 
and distance of these two points are to be found by the ordinary modes, 
made use of to find the course and distance to the port of destination, 
in performing a " day's work " therefore any one competent to do 
this, can pursue the course pointed out. 

35. — In definition X. the course found by the rules relatjng to the 
the Great Circle is described as being a tangent to the circle ; this course, 
as stated in the preceding paragraph, is not to be followed. The chord 
course has these advantages over it, it is more easy to find, and 
whan found it is certain to meet the Circle in the point proposed; 
whereas the Tangent Course takes the ship out of the circle, and each 
succeeding course is the tangent to a new one, having a different 
Vertex to the original circle, and to which it can only return on making 
1 course the 
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e example par. (13) t 



it point 



"la'W., and the distance UOSinu. . the tan- 



. i^nt course is S. 87° 19' W., and if the same distaffi -vo a%jux on this 
r course, the ship would still be 8.5 miles from that point. Practically, 
this is a trifle in a run of 200 miles, but there can be nothing reason- 
able in wilfuUy or carelessly incurring this loss. In a run of 2000 
miles the loss would amount to 85 miles. In an adverse wind it would 
take two days^ sail to make it up. 

If these tangent courses are changed only by quarter pomts 
they will give a track widely different from the original one ; but the 
chord course by being carried a little beyond the Great Circle can easily 
be made to accommodate itself to this rate of change. The course 
found being the true one, must be reduced to the magnetiG by apply- 
ing the variation. 

36. — Our plan is now laid before the public. Of its practica- 
biUty there can be no doubt. The Great-Circle course is the shortest 
possible, and it often differs widely from the common rhumb. Through 
not knowing this, ships are frequently taken a circuitous route when one 
nearly direct might have been followed. When the wind is favourable 
there can exist no just reason why this true course should be departed 
from, and when it is adverse a judicious traverse not only makes the 
greatest progress, but places the ship in a position the most favourable 
to take advantage of any change of wind. Hence it is clear that by fol- 
lowing this plan the duration of a voyage must be shortened. This is a 
thing of such importance to Ship Otrners, Merchants, &c., that^ these 
gentlemen wiU be induced to iv^orm themselvea on this point, and if 
what is here proposed be found practicable, their interest will induce 
them tojpromote its adoption. 
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